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o CC n <*fiN70 Anticipated Class: 
Title- HYBRID MAIZE PLANT & SEED 36N70 ^ 
,„ven,or ( sV. David Be^d Fi^ 
Joseph Kevin Gogerty 

This invention is in the mae breeding, 
designated 36N70. 

BanlBreedjna . „ a nf the plant's method 

♦wot take advantage ot tne 
Krpri through techniques that taKe a transferre d to the same 

or another flower of the same p manv operations 

fl „„er on a dWerent plant and ^ ,or type for many 9 ^ 

^r-^r.s , nr=-^ r - p ° pu,ation " hybrid 

.emale^onthes^planUooa^ ^ ^ ftom me ta8se | s to 

^^^oftheea. ,„ . ^ e plan , « = 

The development ^ ^ f[om vanus germp - for 

involv es *-^ (2) ( : efflng o, the selected Plan. ^ee ^ ^ 
breeding crosses, W in . of inb red lines, whicn, a 

each other, breed true and ptoaeny (F1 ) Du 9 

prooess in m«e, theJS progeny (F1 ) An mp fcy 

'" bred " neS "JZl bomogene^v of the inbred «nes ,s ^ ^ ^ ^ a 
of the homozygosity and ^ ^ same . O noe 

crossing a defined parr of mbredsw ^ 



from this hybrid seed supply. Droduct ion, as it is practiced today, requ,res 

Urge scale commercial maize hybnd P™^ male ferti „,y. A 

».«---»-*""-"-**rt^t^l also otters the opportunity tor 
relia b,e method o, J I development of maize hybrids,** 

improved plant breeding. This ,s ' a , e severa , options for controllmg 

Is open some sort o. male ^Ta, or mechanic! emasculation (or 

male tat* available to breeders such . game ,ocide S and the like 

oetasseling), cytoplasmic male stenw. gen* - ^ incorporating 

Hybrid mafce seed is of wo inbr ed varieties of maize are 

ma nua, or mechanical ^ r Amoved from one o, the inbreds 

panted in a tleld. and the pollen-beanrig^asse^ ^ ^ f 

female, pnor to pollen shed. " ^ bted wi „ be fertilized on,, from the Cher 
foreign maize pollen, the ears of '^s ^ ^ hyfertd plants . 

inb red (male), and the results » ^£ dealing process can be avoided by 
The laborious, and occas,ona ly , CMS inbred a re male stenle as 

using cytoplasmic male-stenle (CMS) ^ "T* t0 »e nuclear, genome. 

a resulfo, .actors resuming from th e c* PP ^ ^ maM t 
ThU s, this characteristic is inhented exclus ve .hr 9 ^ ^ ferttod 

since only the temale provides cytoplasm «• ^ w second inbre d 

* pollen from another inbred that . ^ Usua „y seed 

may or may no. contribute genes th* ma* me hy ^ ^ ^ ^ „ 

rssr^--— ---■- , ■* ,,,l-<,^,,,,,, ' 

— .ere are severa, methods o. ^C^tT-T^ 
muniple mutant genes a, ^^^E Brar e, a,, and chromosomal 
as dsclosed in U.S. Patents 4,654,46 a ^2 ^ ^ 
vocations as described by Patterso ^ Pa , n addfcn .o .hese 

Th ese and all patents referred >o are inco^ated y ^ 6 

methods, Mbertsen e« a,., o. „. identifying a gene which 

ha ve deveioped a system of nuclear maieste W ^ ^ ma , e fertll , ty ., 

,s critical to ma,e fertility; 

remo.ngthena.rve P'° m «^ ^ered gene bacK into the plant; and 
ind ucib,e ^XTJ^Z. bed ,e inducible promoter is no. on 
thus creating a plant that is ma 



•k*h Fertility is restored by inducing, 

witn „ own benefits and — ^"^o* substance associated with a male 

tissue specific promoter or an antisens systemin „ a ,. 

id en.ified and an anfisense to tha, pcT P application PCT/CA90/00037 

E P0 89/3010153.8 publication no. 329,308 

published as WO 90/08828). use of gametocides. 

Another system usetul in ^ J pica , applica «on o. chemicals. 

Gametocides are no. a genetic system^ a. ^ Qf 

,„e usefulness of the approach- , |n , he produetion „f maize 

The use of male stenle inbreds is but m requ , res 

Hybrids. The development o, mafce hybnds - ™ ^ M of these lines, and 
general, the deveiopmen, o, — ^ f^' programs combine the genetic 
tne evaluation o, the crosses. Maze plan ^ ^ sources , nt 

^grounds from two or more rtn - » ° by seffing and 
bre eding pools from which new , MUrce of pla „t breeding 

aesired phenotypes. Hybrids also an be -d ^ ^ ^ breeding 

as source populations from wh,ch to develop £ but are 

t echnigues Known in War, ano ceding, restriction length 
no , limited to, recurrent selector -W. P selectlon and 

polymorphism enhanced selection, genetic ^ usjng sa|d 

Js.orma.ion. The inbred lines den " an * current selection. New Inbreds are 
-^-t^^-^^TJn these crosses are evaluated to 
rrossed with other inbred l.nes and the hyon 

^„e which o, those have — P- ^ ex a„ple, can be used to improve 
Recurrent selection breeding, backcros «V Ba ckcrossing can be used 

inbre d lines and a hybrid which is made using*™ ^ ^ ^ ^ ^ that 
t0 tra ns,er a specific desirable tra* from o ^ , superior lnbred (recurrent 



recurrent parent by = r^oss generations wtth 

transferred from the non-recurrent parent. Alter ma 

action for the desired trait and tor the <^^^^£ 

^ progeny wil, be homozygous for loc, «^ "T^"*^ « 

bu , will be like the supenor parent for essentially all o^~T 

generation is then selfed to give pure ^ ^ ^ the 

A bybHd developed from ^T^^l^L *^ 
sameasahybriddeve^d f^h a- ^ ^ 

Another increa ,ng y popular form ^ ^ lhe 

use of a mixture of male stenle hybnd seed and ma, p ^ 

■^m*^I^I««P^*^^jrU - high oil. 

pHmarily used to produce grain - enhance qua * - « * « „, 

because desired quality grain traits expressed ,n the poll n*on« 

the gra ,n produced on the male sterile h» rid pla* J n tr-m* d 

gra m «ra« does no, have to be incorpora ed by method „ described 

backcross selection into an inbred parent •» One use 

Un^^^Hu^T^^™^ ^ ^ rf p , ant breeding , 

such jra:;::r"mor^ 

improved combinations. development resulting from a maize 

V. object of commerce, maize hybnd <£*^ ^ ^ t0 

plant breeding program is to develop new mbred lines .pro y 

breeders seek is yield. However, many othem lse provide supenor 

hyb , d combination and have " ^^^V-* « * 
performance in hybrid comb— Such «. s ^ggjgt3nce to root lodging, grain 
ha „est, reiative , he , ines m „ must have 

quality, and disease and msec, resistance. . ^ 
acceptable performance for parental traits such as seed y , ^ 

quality for hybridization. These traits nave 

many if not all of the traits are affected by multiple genes. 
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PediqreeBreeding 

The pedigree — o. b re^=V «« - * - 

hybrid line development. bred , ines t0 produce 

ln oenera, terms this «» F1 ^ * ^ 

the non-segregating F1 for which th e inbred parents differ. An 

the F2 generation that segregat or a. fac ^ ^ ^ ^ 

example of this process ,s set forth below ^ contains g 

are used, but all these variations produce a segregate 
range of variation for the traits of interest. 

Example 1 . 

Con8ld er , ^ZZZZ^ZmZ^* ** aiieies a. « 

The parental genotypes are. . b c d e F/A b C d e F 

Parent 1 ^ _ , 

Parent2 aBcDEf/aBcDEf 

*. F1 from a cross between these two parents is. 

c „ nroduJan F2 generation including the following genotypes: 
Sefflng F1 will produce an g a g c Q £ f(a „ c „ e F 

ABcDef/abCdEF 
ABcDef/abCdeF 



P^W^~^?ZVZZ?£L represents a uni,ue 
Each ihbred parent wh,ch , s u se d ^ ^ of 

combination of genes, and the «^.***^ on " There is published evidence 
the inbred and its P—ce ^ ^ — and S,. Wall, IA3 30.333-340 

(S m it h. O.S.. XS.a ^nt and can be unio,e. identtfed on the bas,s 0, 

(1990)) that each of the lines are am 

genetically-controlled molecular markers J-B . Fo . Quantitative Genetics 

,t has been shown (Hallauer, Arnel R. and M«»nd* ^ Qf 

- «* rrJTJT-tJ^ .oci, and that 



If not oenetic progress using elite inbred lines would no longer be possible. 

N^,X:375-390 (1983), have shown that over the last 50 years the rate o, gene* 
P^reTs in commercial hybrids has been between one and two percent per yea, 

The number of genes affecting the trait of primary economy .mportance « 
■ Ito has been estimated to be in the range of 10-1000. Inbred lines wh,ch are 
Z Tpa elt bling crosses differ in the number and combination of these 
used as paren s ,o 9 ^ ^ Compounding thls . 

'ILl^ TZTJ^ ft. -rable a„ele at a„ iocl, and tha, d W eren, alleles 
have «lren, economic values depending on the genetic background and Md 
—nun which the hybnd is grown. *, years of breed^g = ;= 

.r:i:r ntip . - ,:, „ econ 0mi c wo* of , 

. „»„otvoes in the F2 generation is 3n and the number of umque mbred 
number of umque geno ,n the F2 9 ^ ^ are 

lines from th s cross is {(2n) - 2}. uniy a veiy 

. . . cvamole 2 below. The number m is assumed to be greater 
,nbred. See Example 2 bel ^ ^ 

one genotype with <n/2)=m favorable alleles will exist. 

To put this in perspective, the number of plants grow, on 60 m,l„on aces 
(approximate Umted States corn acreage) at 25.000 plants/acre is 1 .5 x 1012. 
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.Probability that a useful combination exists, does no. Mud. the probability of identifying 
this combination if it does exist. 

The possibility of having a usably high probability of being able to identify this 
genotype based on replicated Held testing would be most likely smaller than this, and ,s a 
LZ of how large a population of genotypes is tested and how testing resources are 
allocated in the testing program. 

Ql IMUIARY OF TH F INVENTION 

According to the Invention, there is provided a hybrid mafce plant, designated as 
36N70, produced by crossing two Pioneer H,-Bred Internal, Inc proprietary rt»d 
maize lines GE570937 and GE501400. These lines, deposited w«h the Amencan Type 
Culture Collection. (ATCC). Manassas. Virginia 20110. have accession number for 

GE570937 and accession number for GE501400. This invent.cn thus relates to 

the hybrid seed 36N70, the hybrid plant produced from the seed, and variants ^ mutarts 
and trivial modifications of hybrid 36N70. This invention also relates to methods for 
producing a maize plan, containing in its genetic material one or more transgenes an to 
L transgenic maize plants produced by that method. This invention further rela.es to 
lethods or producing maize lines derived from hybrid maize line 36N70 and to the ma,ze 
Z. derived by the use o, those methods. This hybrid maize plan, is oharactenzed by a 
unique combina,ion of yield for i,s ma,uri,y. area of adaptation, strong agronomic 
package, (strong stalks and roots, above average stay green, and Anthracnose stalk ro, 
tolerance) and stability across yield levels. 



nFFINITIONS 

in the description and examples that follow, a number of terms are used herein In 

sr. t==-™r— :=r:r 

as percent - ^^^««r FIBER. The percent - dry — « * 

~ -T^^SKS StS — S — >. A1 .0 . 

visua , Z siting - resistance ,o venose Staik Rot. A higher score ,nd,cates 
ahigher^ce barren p ^ Ts ^ ^ of plants per p , ot , hat were not 

STK- BRITTLE STALKS. This is a measure of the stalK breakage near the 
t ,e of -on o, : e,he r ^ 

ztji - rr.a-=s- - - ■ ' - 9 - <° - — 

^^SSSSUa -a - the grain a, harvest In husheis per 
aCrea tr0ORN ^NECROSIS .synergist Interaction of ma*e chiorotic 

_ s: .cZ r a « sr: - 

MOMV-B, or -™ ™ ilates a hfcher reslsfance. 

re „ ,o ^^ 6 A ,^ THH . The percent o, dry matter tha, Is crude 

prot ein in chop£ {pucclnia som , A 1 to 9 — rating inching 

th e resistance to Common Rust. A higher score Indicates a hfcher resistance. 
CRM = COMPARATIVE RELATIVE MATURITY (see PRM). 
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CRN ERW = CORN EARWORM EAR DAMAGE SCORE. Score of ears that have 
been fed upon by com earworm larvae approximately 2 weeks prior to barest. 
ExDressed as 1 to 9 score with 9 being no damage. 

dVd . DRYDOWN. This represents the relate rate a. which a hybrid wrll reach 
acceptable harvest moisture compared to other hybrids on a 1-9 rating scale. A high 
Syndicates a hybrid that dries relatively ,as, while a low score Indicates a hybnd that 

or EAR RET = DROPPED EARS or EAR RETENTION SCORE. Represented 
in a 1 to 9 scale in the Characteristics Chart, where 9 is the rating representing the least. 
or no, dropped^ ^ ^ ^ ^ ^ „ 

macros). A 1 to 9 visual rating indicating the resistance to Diplodia Ear Moid. A 
hiaher score indicates a higher resistance. 

DIPROT = DIPLODIA STALK ROT SCORE. Score of stalk rot seventy due to 
Diplodia (D/ptod/a may«. Expressed as a 1 to 9 score with 9 being 

DM = PERCENT OF DRY MATTER. The percent of dry material ,n chopped 

whole plan, s«ag* ^ ^ ^ ^ ^ ^ ^ ^ ^ p6r p|ot 

and represents the percentage of plants that did not drop ears prior to harvest, 
and ^ _ DROUGHT TOLERANCE. This represents a 1-9 ra.,ng for drought 
tolerance, and Is based on data obtained under stress conditions. A high score indicates 
good drought tolerance and a low score indicates poor drought tolerance^ 

EAR HT = EAR HEIGHT. The ear heigh, is a measure from the ground to the 
highest placed developed ear node attachment and is measured in inches. Th,s ,s 
represented in a 1 to 9 scale in the Characteristics Chart, where 9 is ^ghes, 

EAR MLD = General Ear Mold. Visual rating (1-9 score) where a 1 .s very 
susceptible and a "9" is very resistant. This is based on overall rating for ear mold of 
mZ etrs without determining the specific moid organism, and may no, be pred,Cve 
for a spe* ear ^ ^ ^ ^ ^ ^ _ ^ ^ ^ ^ ^ the 

, ar ger .he^size. ^ ^ ^ ^ ^ ^ ^ ^ „ snapped , p|ants 

per plo, following severe winds when ,he com p,an, is experiencing ve„ rapid vege,a.,ve 
growth in ,he V5-V8 stage. Expressed as percent o, plants that did not snap^ 

ECB 1LF = EUROPEAN CORN BORER FIRST GENERATION LEAF FEEDING 
(0*M. nuMis). A 1 to 9 visual rating indicating the resistance to preflowering leaf 
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feeding by first generation European Corn Borer. A higher score indicates a higher 
resistance. 

ECB 2IT = EUROPEAN CORN BORER SECOND GENERATION INCHES OF 
TUNNELING (Ostrinia nubilalis). Average inches of tunneling per plant in the stalk. 

ECB 2SC = EUROPEAN CORN BORER SECOND GENERATION (Ostrinia 
nubilalis). A 1 to 9 visual rating indicating post flowering degree of stalk breakage and 
other evidence of feeding by European Corn Borer, Second Generation. A higher score 
indicates a higher resistance. 

ECB DPE = EUROPEAN CORN BORER DROPPED EARS (Ostrinia nubilalis). 
Dropped ears due to European Corn Borer. Percentage of plants that did not drop ears 
under second generation corn borer infestation. 

E/G = EARLY GROWTH. This represents a 1 to 9 rating for early growth, scored 
when two leaf collars are visible. 

EGRWTH = EARLY GROWTH. The relative height and size of a corn seedling at 
the 2-4 leaf stage of growth. This is a visual rating (1 to 9), with 1 being weak or slow 
growth, 5 being average growth and 9 being strong growth. Taller plants , wider leaves, 
more green mass and darker color constitute higher scores. 

ERTLDG = EARLY ROOT LODGING. Count for severity of plants that lean from a 
vertical axis at an approximate 30 degree angle or greater which typically results from 
strong winds prior to or around flowering recorded within 2 weeks of a wind event. 
Expressed as percent of plants not lodged. 

ERTLSC = EARLY ROOT LODGING SCORE. Score for severity of plants that 
lean from a vertical axis at an approximate 30 degree angle or greater which typically 
results from strong winds prior to or around flowering recorded within 2 weeks of a wind 
event. Expressed as a 1 to 9 score with 9 being no lodging. 

EST CNT = EARLY STAND COUNT. This is a measure of the stand 
establishment in the spring and represents the number of plants that emerge on per plot 
basis for the inbred or hybrid. 

EYE SPT = Eye Spot (Kabatiella zeae or Aureobasidium zeae). A 1 to 9 visual 
rating indicating the resistance to Eye Spot. A higher score indicates a higher resistance. 

FALL AW = FALL ARMYWORM EAR DAMAGE SCORE. Score of ears that have 
been fed upon by fall armyworm larvae. Expressed as a 1 to 9 score with 9 being no 
damage. 

FUS ERS = FUSARIUM EAR ROT SCORE (Fusarium moniliforme or Fusarium 
subglutinans). A 1 to 9 visual rating indicating the resistance to Fusarium ear rot. A 
higher score indicates a higher resistance. 
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G/A = GRAIN APPEARANCE. Appearance of grain in the grain tank (scored 

Hnwn for mold cracks, red streak, etc.)- 

GDU - Growing Degree Units. Using the Barger Heat Unit Theory, that assumes 
that maize growth occurs in .he temperature range 50°F - 86°F and that temperatures 
ZZZ range s,ow down growth; the maximum daily heat unH accusation ,s 35 an 
L minimum daiiy hea, u* accumulation is 0. The seasonal accumulate o, GDU . a 
maior factor in determining maturity zones. 

GDU PHY = GDU TO PHYSIOLOGICAL MATURITY. The number of growmg 
degree units required for an inbred or hybrid line to have approximately 50 percent erf 
p^Ta. phys Jogica, maturity from time of plan«ng. Growing degree un,ts are calcuiated 

byfne TQ SHED The number of grow ; ng degree units (GDUs, or 

hea, un«s required for an inbred line or hybrid to have approximately 50 percent o, the 
p al Te d n 9 pollen and is measured from the time o, planting. Growing egree un,ts 
are calculated by the Ba^er Method, where the hea, units for a 24-hour penod are: 

GDU = (Mav temp. + Min. temp.) - 50 
2 

me highes, maximum ,empera,ure used is «• F. and the lowest minimum 
,empera,ure used is 50° F. For each inbred or hybnd * takes a certam number o, GDUs 
tr, rparh various stages of plant development. 

GDU SLK = GDU TO S,LK. The number o, growing degree units required for an 
inbred ifne or hybrid ,o have approximately 50 percen, of ,he plants trim silk emergence 
^le "f Planfing. Gro*g degree units are caiculated by the Barger Method as 
9iven ^U -de,*^ ^ (piNK mold) {GmbereM zeae) 

visual rating indicating the resistance to Gibber* Ear Ro,. A higher score indica,es a 
hlgh er resistance^ ^ ^ ^ ^ q( ^ ^ ^ , 0 

Gibberella (G « 2 eae, Expressed as a 1 to 9 score - * ™ * ~ 

GLF SPT = Gray Leaf Spot (Cercospora zeae-maytfs). A 1 to 9 v,sual rating 

indicating ,he resist to Gray Leaf Spo,. A higher score indite, , a higher ^stanc. 
GOS WLT = Goss' Will (Co/yneoacferium nebraskense). A 1 to 9 visual ratmg 

indicating the resistance to Goss' Wilt. A higher score indicates a higher res,s,ance. 

GRN APR = GRAIN APPEARANCE. This is a 1 to 9 rating for the genera 

appearance of the sheiied grain as i, is harvested based on such factors as the color o, 
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^ Cop - YIELD AT HIGH DENSITY. Yield ability a, relatively high plan, densities 
on 1 9 *L rating system with a higher number indicating the hybrid responds we,, to 
ZXXZ*- *!** — « <° *" A 1 , 5, and 9 would represent very 

poor average, and very good yield response, respectively, to increased P'*"" 

HP BLT = HELMINTHOSPORIUM CARBONUM LEAF BLIGHT 

„ , a 1 to 9 visual rating indicating the resistance to 
iHelminthosporium carbonum). A 1 to 9 visual ran g » 

Helminthosporium infection. A higher score indicates a higher resistance. 

HD SM T - Head Smut (Spnace/orneca rsfcna). This sccre ,nd,cates the 

pontage « (DOLLARS PER ACRE). RelaUve income per « 

assuming costs .0 cents per poln, above 15, percent ha„es, mcsture and 

«RE r advantage o, hybrid to he patented over other hybrid on 

Pera "c S ADV - GROSS INCOME ADVANTAGE. GROSS INCOME advantage o, 

piant and do not straighten or "goose-necK" back to a vert,cal pos,.,on. Expressed 
pe^nt o, pjants noUodge* ^ ^ ^ ^ , f ^ ^ 

LRTLSC la i c , e or greater which typically results 

*e pla^and do no, straighten or -goose-neck" bacKto a vertica, position. Expressed as a 

1 "l/POPs YIELD 9 AT lovTdENSITY. Yield a«y a, redely low plan, densities 
on a 1 9 revive s^em w«h a higher number indicating the hybrid responds we,, to low 

and MCDV- MaL Chlorotic Dwar, vm,,. A 1 to 9 visual rating indicating the resrstance 
I Maize Dwarf Mosaic Complex. A higher score indica.es a higher res,s,ance. 



MST = HARVEST MOISTURE. The moisture is the actual percentage moisture of 
thegra ,„ a, harvest ^ ^ a of M 

over vaZ « - calculated by: MOISTURE of variety #2 - MOISTURE of vanety #1 - 

(urc J> A 1 to 9 visual rating indica«ng the resistance to Northern Leaf B„ g ht. A 

^r^rorr::, - «. — « - * - • 

percentage on a dry weight basis. 

gM IL » o,"e tasse che, This is rep— as a 1 to 9 sea,, . h,ghest, 

in the C^^^aooRE. A 1 to 9 visuai rating indicating the amount o, pollen 

coilecJas Idd^— minus dry weight from simiiar tasseis harvested after 

Sheddi Tru7' b t understood that the inbred can, through routine —on of 

cytoplalmlc o other factors, be produced in a male-sterile form. Such embod.ments are 

also contemplated within the scope of the present cla,ms. ^ 

POP K/A = PLANT POPULATIONS. Measured as 1 000s per acre. 

popTdV ^PLANT POPULATION ADVANTAGE. The plan. population 

POP ADV r\j\ ^laed by PLANT POPULATION of vanety 

advantage o, variety #1 over vane* #2 a s calculated by of tfariety 

#2 - PLANT POPULATION of vanety #1 - PLANT PUf ulai 

^ PRM . PREDICTED Relative Maturity. This trait, predicted relative maturity/^ 

======= 

Maturity Ratin^stem. ^ ^ ^ ^ ^ ^ ^ requlred 

r each .TpT shed. Relative values are predicted values from the linear regress,on o, 
observed GDU's on relative maturity of commercial checks. 
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PRO . PROTEIN RATING . Rating on a 1 .0 9 - 
„ protein in «he grain spared ,o hybrids of sl.llar matu* A — 

PK „ ( aHerc This takes into account the income due to yield, 

of a hybrid for swine and poultry feeders. Th.s takes 

moisture and protein content. 

^S"-^ -.nee. Tne higher see represents higher levels 

° f ^rtTdG = ROOT LODGING. Root ,od g ln 8 is the percentage o, plants tha, do not 
r „ot lodges tha, .an from the vertical axis as an appro— 30* angle or greater 

W0UM rtv = ROOT 'LODGING ADVANTAGE. The root .edging advantage ot 

vari ety*1 LODGING or STALK STRENGTH SCORE. A 1 .0 9 rating 

Mcati : L ,he Z ot s« .edging resistance. The higher score represents h,gher levels 

0,reS ' S SCT GRN = SCATTER GRAIN. A 1 to 9 visual rating indicating the amount ot 
scaner gr^nZ - P— - « *«* ~™ " - ~ ™ "** "* " 
' eSSSC «, r rD '- SELECTION INDEX. The selection index gives a single measure of 

value averaged across testing stations. 

SIL DMP = SILAGE DRY MATTER. The percent of dry matenal cnopp 

P ' an,S sfp BLT - SOUTHERN LEAF BLIGHT (He—ponurn may* or Bipo-ans 
may J. A ^ 9 v,Ll ra«ng indicating the resistance to Southern Lea, Blight. A h,gher 
score indicates a higher resistance. 

^Z'ZZZZ™ (~ po»so ra >. A , to 9 visual rating 
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STA GRN = STAY GREEN. Stay green is the measure of plant health near the 
time of black layer formation (physiological maturity). A high score indicates better late- 

season plant health. 

STAND (%) = Percent of stalks standing at harvest. 

STARCH = PERCENT OF STARCH. The percent of dry matter that is starch in 

chopped whole plant forage. 

STD ADV = STALK STANDING ADVANTAGE. The advantage of vanety #1 over 

variety #2 for the trait STKCNT. 

STK CNT = NUMBER OF PLANTS. This is the final stand or number of plants per 

P ' 0t STK LDG = STALK LODGING. This is the percentage of plants that did not stalk 
,odge (stalk breakage) as measured by either natural lodging or pushing the stalks and 
determining the percentage of plants that break below the ear. 

STKLDL = LATE SEASON STALK LODGING. A plant is cons.dered as stalk 
iodged if the stalk is broken or crimped between the ear and the ground. This can be 
caused by any or a combination of the following: strong winds late in the season d.sease 
pressure within the sta.ks, ECB damage or genetically weak stalks. This tra, shou d e 
taken when the grain moisture content of the experiment is between 15/o to 18* 
Expressed as percent of plants that did not stalk lodge. 

STKLDS = REGULAR STALK LODGING SCORE. A plant is considered as stalk 
,odged if the stalk is broken or crimped between the ear and the ground. This can be 
caused by any or a combination of the following: strong winds late in the season, d.sease 
pressure within the sta.ks, ECB damage or genetical.y weak sta.ks. This trait should be 
taken just prior to or at harvest. Expressed on a 1 to 9 scale with 9 being no lodging ^ 

STR RWH = PERCENT OF STARCH. This is the percent of dry matter that .s 
starch in chopped whole plant forage as predicted by Near Infrared Spectroscopy. 

STW WLT = Stewart's Wilt {Erwinia stewartii). A 1 to 9 visual ratmg indicating the 
resistance to Stewart's Wilt. A higher score indicates a higher resistance. 

SW C/B = SOUTHWESTERN CORN BORER DAMAGE SCORE. Score of plants 
that have been girdled (hollowed out) at the base by SWCB feeding. The score is based 
on the count of plants that break as measured against the STKCNT just prior to harvest. 
Expressed as 1 to 9 score with 9 being no damage. 

TAS BLS = TASSEL BLAST. A 1 to 9 visual rating was used to measure the 
degree of blasting (necrosis due to heat stress) of the tassel at the time of flowering. A 1 
would indicate a very high level of blasting at time of flowering, while a 9 would have no 
tassel blasting. 
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TAS SZ = TASSEL SIZE. A 1 to 9 visual rating was used to indicate the relative 
size of the tassel. The higher the rating the larger the tassel. 

TAS WT = TASSEL WEIGHT. This is the average weight of a tassel (grams) just 

prior to pollen shed. 

TDM/HA = TOTAL DRY MATTER PER HECTARE. Yield of total dry plant 

material in metric tons per hectare. 

TEX EAR = EAR TEXTURE. A 1 to 9 visual rating was used to indicate the 
relative hardness (smoothness of crown) of mature grain. A 1 would be very soft 
(extreme dent) while a 9 would be very hard (flinty or very smooth crown). 

TIL LER = TILLERS. A count of the number of tillers per plot that could possibly 
shed pollen was taken. Data are given as a percentage of tillers: number of tillers per 
plot divided by number of plants per plot. 

TST WT (CHARACTERISTICS CHART) = Test weight on a 1 to 9 rating scale 

with a 9 being the highest rating. 

TST WT = TEST WEIGHT (UNADJUSTED). The measure of the weight of the 

grain in pounds for a given volume (bushel). 

TST WTA = TEST WEIGHT ADJUSTED. The measure of the weight of the gram 
in pounds for a given volume (bushel) adjusted for 15.5 percent moisture. 

TSW ADV = TEST WEIGHT ADVANTAGE. The test weight advantage of variety 

#1 over variety #2. 

WIN M% = PERCENT MOISTURE WINS. 
WIN Y% = PERCENT YIELD WINS. 

YIELD = YIELD OF SILAGE. Yield in tons per acre at 30% dry matter. 
YLD = YIELD. It is the same as BU ACR ABS. 

YLD ADV = YIELD ADVANTAGE. The yield advantage of variety #1 over variety 
#2 as calculated by: YIELD of variety #1 - YIELD variety #2 = yield advantage of variety 

#1. ,. 

YLD SC = YIELD SCORE. A 1 to 9 visual rating was used to give a relative rating 

for yield based on plot ear piles. The higher the rating the greater visual yield 
appearance. 
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• i u - j ORM70 has a relative maturity of approximately iui d 

This hybrid has the following character.st.es based on 
at Johnston, Iowa. 
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TABLE 1 

VARIETY DESCRIPTION INFORMATION 
VARIETY = 36N70 

1 . TYPE: (describe intermediate types in Comments section): 

2 1=Sweet 2=Dent 3=Flint 4=Flour 5=Pop 6=Ornamental 



2. MATURITY: 
D 064 S HE Tl97 0 From emergence to 50% of plants in silk 
066 1 245 3 From emergence to 50% of plants in pollen 
003 0 064 3 From 1 0% to 90% pollen shed 

From 50% silk to harvest at 25% moisture 



3. PLANT: 

0,278.0 
0,117.7 
0,018.3 
0.0 
1.0 
4.0 



cm Plant Height (to tassel tip) 
cm Ear Height (to base of top ear node) 
cm Length of Top Ear Internode 
Average Number of Tillers 

fSSS^fX^*^ 2 = Fai " 1 3=Moder-ate 4= Da r k 5-VeryDar k 



Standard 


Sample 


Deviation 


Size 


7.81 


15 


9.07 


15 


2.40 


15 


0.02 


3 


0.01 


3 



4. LEAF: 

010.5 
091.3 
06.1 
019.8 

03 
1.0 



cm Width of Ear Node Leaf 
cm Length of Ear Node Leaf 

Number of leaves above top ear 

Degrees Leaf Angle (measure from 2nd leaf above 

ear at anthesis to stalk above leaf) 



Standard 


Sample 


Deviation 


Size 


0.50 


15 


0.23 


15 


0.23 


15 


1.44 


15 




7.5GY34 



5. TASSEL: 

07.5 
031.8 
57.8 
6.0 
11 
01 
1.0 
19 



Standard 
Deviation 

Number of Primary Lateral Branches ^ 
Branch Angle from Central Spike 0 0 

cm Tassel Length (from top leaf collar to tassel tip) i-w> 
Sen Shed 9 (rate on scale from 0=male sterile to 9-heavy shed) 
Anther Color Pink (Munse code 

Glume Color Light Green (Munsell code) 

Bar Glumes (Glume Bands): 1=Absent 2=Prese nt 

cm Peduncle Length (cm. from top leaf to basal branches) 



Sample 

Size 
15 
15 
15 

10R64 
7.5GY68 



6a. EAR (Unhusked Data): 

Silk Color {3 days after emergence) Light Green 

Resh Husk Color (25 days after 50% silking) Dari l^ een 
Drv Husk Color (65 days after 50% silking) Bu ft 

PosSon of Ear at Dry Husk Stage: 1= Upright 2= H^^ l f JrJ enda,lt 
Hu^k Tiahtness (Rate of Scale from 1=very loose to 9=very tight) 
H H SbS (at harvest): 1=Short (ears exposed) 2=Med,um (<8 cm) 
3=Long (8-10 cm beyond ear tip) 4=Very Long (>10 cm) 



1 
3 
21 
1 
6 
2 



(Munsell code) 
(Munsell code) 
(Munsell code) 



2.5GY86 
5GY56 
5Y92 
Upright 



Medium 
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6b. EAR (Husked Ear Data): 

19 cm Ear Length 
46 mm Ear Diameter at mid-point 
195 gm Ear Weight 
15 Number of Kernel Rows 

o Kernel Rows: 1 indistinct 2=Distinct 

2 Row Alignment: 1=Straight 2=Slightly Curved 3=Sp.ral 

11 cm Shank Length Cv * rQma 
2 Ear Taper: 1 =Slight 2= Average 3=Extreme 



Standard Sample 

Deviation Size 



0.58 
1.00 
14.36 
0.58 



1.15 



15 
15 
15 
15 



15 



Distinct 
Slightly Curved 

Average 



7. KERNEL (Dried): 



Standard Sample 
Deviation Size 



13 mm Kernel Length 

9 mm Kernel Width 

5 mm Kernel Thickness 
37 % Round Kernels (Shape Grade) 
1 Aleurone Color Pattern: ^Homozygous 2=Segregat.ng 
7 Aluerone Color Yellow 
7 Hard Endosperm Color Ye low 

3 SSuT^Extra Sweet (K^SSS. Starch 
1=S 'Sole Starch 5=Waxy Starch 6=High Prote.n 
7=High Lysine 8=S u per Sweet (se) 9=H.gh O.I 
10=Other_ 

39 gm Weight per 100 Kernels (unsized sample) 



0.58 
0.00 
0.00 
15.72 



15 
15 
15 
3 



(Munsell code) 
(Munsell code) 



2.89 



Homozygous 
2.5Y812 
1.25Y812 



8. COB: 



25 mm Cob Diameter at mid-point 
14 Cob Color 



Red 



Standard Sample 
Deviation Size 

0.00 15 
(Munsell code) 



7.5R36 



ni«FA<5E RESISTANCE (Rate from 1 (most susceptible) to 9 (most resistant); leave blank 
. DISEASE RES,STANCE f nottested; ^ ve Race 0 r Strain Options blank if polygenic): 



A. Leaf Blights, Wilts, and Local Infection Diseases 



Anthracnose Leaf Blight (Colletotrichum grammicola) 
6 Common Rust (Puccinia sorghi) 
Common Smut (Ustilago maydis) 

6 nebraskense) 

5 Gray Leaf Spot (Cercospora zeae-maydis) 

Helminthosporium Leaf Spot (Bipolar* ze.cola) Race 

7 Northern Leaf Blight (Exserohilum turcicum) Ra ce 
Southern Leaf Blight (Bipolaris maydis) Race 
Southern Rust (Puccinia polysora) 

8 Stewart's Wilt (Erwinia stewartii) 
Other (Specify) 

B. Systemic Diseases 

Corn Lethal Necrosis (MCMV and MDMV) 

Head Smut (Sphacelotheca reiliana) 

Maize Chlorottc Dwarf Virus (MDV) 

Maize Chlorotic Mottle Virus (MCMV) 

Maize Dwarf Mosaic Virus (MDMV) 

Sum Downy Mildew of Corn (Peronosclerospora sorgh.) 

Other (Specify) 
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C. Stalk Rots 

7 Anthracnose Stalk Rot (Colletotrichum graminicola) 
Diplodia Stalk Rot (Stenocarpella maydis) 
Fusarium Stalk Rot (Fusarium monihforme) 
Gibberella Stalk Rot (Gibberella zeae) 
Other (Specify) 

D. Ear and Kernel Rots 

Aspergillus Ear and Kernel Rot (Aspergillus flavus) 

Diplodia Ear Rot (Stenocarpella maydis) 
6 Fusarium Ear and Kernel Rot (Fusanum moniliforme) 
6 Gibberella Ear Rot (Gibberella zeae) 

Other (Specify) 

10 INSECT RESISTANCE (Rate from 1 (most susceptible) to 9 (most resistant); 
' (leave blank if not tested) : 

Banks grass Mite (Oligonychus pratensis) 
Corn Worm (Helicoverpa zea) 
Leaf Feeding 
Silk Feeding 
mg larval wt. 
Ear Damage ... 
Corn Leaf Aphid (Rhopalosiphum maidis) 
Corn Sap Beetle (Carpophilus dimidiatus 
European Corn Borer (Ostrinia nubilalis) 
c 1 Qt feneration (Typically Whorl Leaf Feeding) 
6 2nd Generln CTypicalW Leaf Sheath-CoHar Feeding) 
Stalk Tunneling 
cm tunneled/plant 
Fall Armyworm (Spodoptera fruqiperda) 
Leaf Feeding 
Silk Feeding 
mg larval wt. 
Maize Weevil (Sitophilus zeamaize 
Northern Rootworm (Diabrotica barben) 
Southern Rootworm (Diabrotica undecimpuncta a 
Southwestern Corn Borer (Diatreaea grandiosella) 
Leaf Feeding 
Stalk Tunneling 
cm tunneled/plant 
Two-spotted Spider Mite (Tetranychus urhcae) 
Western Rootworm (Diabrotica virgifrea virgifera) 
Other (Specify) 



11 AGRONOMIC TRAITS: 

6 staygreen (at 65 days after anthesis) (Rate on a scale from 1=worst to ^excellent) 
0 4 % Dropped Ears (at 65 days after anthesis) 
% Pre-anthesis Brittle Snapping 
0/o pre-anthesis Root Lodging ^u oei ^ 
4 5 Post-anthesis Root Lodging (at 65 days after anthes.s) 
1 0,673 Kg/ha Yield (at 1 2-1 3% grain moisture) 



*ln 
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p^.^rrh Comparison ' '"r Pinneer Hybrid 36N70 

Comparisons of characteristics for Pioneer Brand Hybrid 36N70 were made 
against Pioneer Brand Hybrids 3730, 36R10, 36B08. 37M34, and 35P12. 

Table 2A compares Pioneer Brand Hybrid 36N70 and Pioneer Brand Hybnd 3730, 
a hybrid with similar yield, agronomics, area of adaptation and maturity. The table shows 
that hybrid 36N70 is significantly higher yielding than hybrid 3730. Hybrid 36N70 . later 
,o shed pollen with a significantly higher number of growing degree units to pollen shed 
and a significantly higher predicted relative maturity to pollen shed score than hybnd 
3730 Hybrid 36N70 also exhibte significantly shorter plant stature with significantly 
higher ear placemen, as well as significantly superior stay green than hybrid 373a Hybnd 
36N70 exhibits significantly superior tolerance to Gray Lea. Spot, -d s,gn,fican«y better 
resistance to European Corn Borer first generation man hybrid 3730. Hybnd 36N70 
exhibits a significantly higher husk coyer score than hybnd 3730. 

Table 2B compares Pioneer Brand Hybrid 36N70 and Pioneer Brand Hybnd 
36R10 a closely related hybrid with similar yield, agronomics, area of adaptation and 
maturity The results show that hybrid 36N70 exhibits a significantly higher number of 
growing degree units to pollen shed and a significantly higher adjusted test weigh, than 
hybrid 36R10. Hybrid 36N70 also exhibits significantly better stalK lodging as 
demonstrated by a significantly superior regular stalk lodging score and 
percent mean yalue than hybrid 36R10. Hybrid 36N70 exhibits significantly shorter plant 
stlre w" significantly higher ear piacemen, than hybrid 36R10. Hybrid 36N70 further 
exhibits significantly superior stay green than hybrid 36R10. 

Table 2C compares Pioneer Brand Hybrid 36N70 and Pioneer Brand Hybrid 
36B08 a hybrid with similar yield, agronomics, area of adaptation, and maturity. The table 
indicates that hybrid 36N70 is similar in yield ye. exhibte significantly lower harves 
moisture than hybrid 36B08. Hybrid 36N70 further is earlier to shed pollen with a 
sign tontty lower number of growing degree unfts to pollen shed and a signfflcantly lower 
Iced relative maturity to pollen shed score than hybrid 36B08. Hybrid 36N70 exhibrts 
a signfficantly earlier predicted relative maturity score and significantly taller pten. stature 
1 sign Jntly higher ear placemen, .ban hybrid 36B08. Hybrid 36N70 further exhib,, 
significantly superior resistance .o Anthracnose stalk ro, and sigmficantly superior 
tolerance to Gibberella ear rot than hybrid 36B08. 

Table 2D compares Pioneer Brand Hybrid 36N70 and Pioneer Brand Hybnd 
37M34 a hybrid wfth similar yield, agronomics, and area of adaptation. The table shows 
(ha. hybrid 36N70 is significantly higher yielding than hybrid 37M34. Hybrid 36N7C Ms later 
to mature with a significantly higher number of growing degree units to pollen shed and to 
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. u u o 7 m 3 4 Hvbrid 36N70 also exhibits significantly shorter plant stature with 

37M34 Hybrid 36N70 exhibits significantly superior tolerarice to Gray Leaf Spot, a 
g TJ, better resistance to Anthracnose ** rot than hybrid 37M34 • 
ly exhibits better staiK strength «,,h signify 

iodging percent mean, and late season staiK lodg,ng scores than hybnd STIWk 

Table 2E compares Pioneer Brand Hybrid 36N70 and P,oneer Brand Hybnd 
larae u> v ^,„„ ,„ th. results hybrid 36N70 is similar in yield 

35P12 a closely related hybnd. According to the results, nyurra 

as significantly ea *'^ a|s0 exnibits s | gnfflC anUy shorter plant 

shed scores than hybrid 35P12. Hybnd jon/u a. 

stature w«h a signfflcantiy superior stalk lodging percent mean score than hybn 35P1Z 
Hybrid 36N70 exhibits signfflcantly superior tolerance to European Com Borer firs, 



generation than hybrid 35P12. 
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TABLE 2A 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N70 
VARIETY #2 = 3730 







PRM BU 


BU 




PRM 


SHD ACR 


ACR 




ABS 


ABS ABS 


%MN 


1 


101 


101 184.3 


104 


2 


100 


99 171.7 


97 


LOCS 


3 


5 162 


162 


REPS 


3 


5 165 


165 


DIFF 


1 


2 12.6 


7 




.442 


.018+ .000# 


.000# 



MST 
%MN 



TST 
WTA 
ABS 



GDU 
SHD 
%MN 



GDU PLT 
SLK HT 
%MN %MN 



TOTAL SUM 



104 
102 
163 
166 
2 



55.1 
55.1 
91 
94 
0.0 
.999 



101 
99 
54 
62 
1 

.000# 



100 98 
100 101 
43 70 



50 
1 

.413 



79 
3 

.000# 



EAR ERT RT LRT STK 
HT LSC LDG LSC LDS 
%MN ABS %MN ABS ABS 











LDG 


LDL 


STK 


STK 


%MN 


%MN 


%MN 


%MN 










104 


110 


102 


100 


61 


25 


9 


15 


61 


41 


33 


15 


0 


5 


1 


0 


.999 


. 654 


.841 


.999 



TO^l'sU^I 101 6.3 115 7.3 8.3 

65 3 17 12 36 



2 

LOCS 

REPS 7 1 



3 17 12 37 
DTFF 8 0.3 16 1.1 0.4 

PR > T .000# .808 .098* .167 .090* 



2 

LOCS 
REPS 
DIFF 
PR > T 



ABT 


EGR 


STA 


DRP 


STK 


WTH 


GRN 


EAR 


%MN 


%MN 


%MN 


%MN 


89 


93 


125 


100 


102 


106 


89 


100 


9 


55 


80 


14 


33 


57 


84 


15 


14 


13 


36 


0 


.047 + 


.0001 


.000# 


.999 



TST 
WT 
ABS 



TOTAL SUM 1 »» - 100 IV.l 



90 
93 
0.0 











CNT 


CNT 


SPT 


BLT 


%MN 


%MN 


ABS 


ABS 










101 


102 


2.9 


5.3 


248 


4 


4 


3 


349 


4 


6 


4 


0 


3 


2.1 


1.3 


.999 


.092* 


.007# 


.184 



hd fus gib eye com ecb ecb 

S S S S SI S S 

ZZ^Tl ^TTsTlJ tl t:°; "« '\ 

LOCS 5 ,1 I o q 2 4 7 10 

REPS hp 0 6 13 0 9 0.6 1.0 1.0 1.5 0.1 

DIFF 0.8 0.6 l.J u 

PR > T .099* .482 .436 .213 .315 

* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 
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TABLE 2A (Continued) 
HYBRID COMPARISON REPORT 



VARIETY #1 = 36N70 
VARIETY #2 = 3730 





HSK 


GIB 




CVR 


ROT 






ABS 


TOTAL SUM 1 
2 


5.6 
4.7 


7.0 
7.5 


LOCS 


26 


1 


REPS 


27 


2 


DIFF 


0.9 


0.5 









* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 



24 



TABLE 2B 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N7 0 
VARIETY #2 = 36R10 



TOTAL SUM 







PRM 


BU 


BU 




PRM 


SHD 


ACR 


ACR 






ABS 


ABS 


%MN 


1 


102 


101 


168.7 


102 


2 


102 


100 


167.5 


101 


LOCS 


6 


5 


201 


201 


REPS 


6 


5 


210 


210 


DIFF 


0 


1 


1.1 


1 






.160 


.381 


.305 













MST 


WTA 


SHD 


SLK 


HT 


%MN 


ABS 


%MN 


%MN 


%MN 










99 


100 


54.4 


99 


100 


207 


132 


55 


44 


87 


216 


140 


63 


51 


97 


2 


0.2 


1 


0 


1 


.001# 


.042 + 


.000# 


.999 


.006# 



STK STK EBT BRT 
EAR ERT KT Jjtvi ^ f* QTT , o TK 

-i no £ R 1 01 7.7 8.0 103 
TOTAL SUM 1 102 6.8 101 / ^ 



2 98 
LOCS ^3 
REPS 80 
DIFF 4 

PR > T .001* -836 



ERT 


RT 


LRT 




LSC 


LDG 


LSC 


LDS 


ABS 


%MN 


ABS 


ABS 


6.8 


101 


7.7 




6.5 


100 


7.1 


7.5 


4 


17 


17 


68 


4 


17 


17 


73 


0.3 


1 


0.6 


0.5 


.836 


.352 


.246 


.025+ 



62 
62 
2 



95 


94 


101 


21 


9 


5 


37 


33 


5 


8 


8 


2 


177 


.586 


. 374 



; IliT i 1. JI .!.! il 

■* 7 83~"~93~~ 126 100 54.6 101 99 5.0 6.7 

H TOTAL SUM 1 83 93 1J ^ ^ ^ ^ 4 ^ 7 .q 

f\l 2 In 79 11 133 281 4 4 3 

LOCS 1 52 IZ ^ 141 387 4 6 4 

Q HEPS 30 56 87 12 141 387 ^ ^ ^ 

U DIFF 18 4 18 0 U Z ^ 



PR 



> T .022+ .171 .000# 



EYE 
SPT 
ABS 

TOTAL SUM 1 7.b o-* — ~" 



2 



STW 


ANT 


HD 


FUS 




WLT 


ROT 


SMT 


ERS 


ERS 




ABS 


ABS 


ABS 


ABS 


7.6 


6.9 


97.8 


6.1 




7.2 


5.4 


99.5 


6.9 


6.1 


5 


7 


3 


8 


7 


5 


11 


6 


8 


11 


0.4 


1.4 


1.7 


0.8 


0.2 




.126 


.185 


.111 


.482 



1 



LOCS 5 f ^ a ii 2 

*f * „ ! M , n. o'2 1.0 

DIFF 

PR > 









RST 


1LF 


2SC 


ABS 


ABS 


ABS 


5.8 


5.6 


6.6 


8 


5 


8 


8 


7 


10 


0.1 


0.5 


0.4 


.351 


.374 


. 329 



* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 
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TABLE 2B (Continued) 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N70 
VARIETY #2 = 36R10 



TOTAL SUM 





HSK 


GIB 




CVR 


ROT 




ABS 


ABS 


1 


5.6 


7.0 


2 


6.1 


6.5 


LOCS 


25 


1 


REPS 


26 


2 


DIFF 


0.5 


0.5 




.067* 





* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 




26 



TABLE 2C 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N70 
VARIETY #2 = 36B08 



bu BU TST GDU GDU PLT 

t,«m cun APR ACR MST WTA SHD SLK HT 

JS ABS i£ S %MN ABS %*N %MN %MN 

? »s "5 "! J 2 ? 5 1 o 1 

DIFF 2 __1 ^ + nAnJt nnn# _ 019+ >999 .000# 



PR > T 



.042+ .028+ .085* .082* .000# . 000# -019+^ 





EAR 


ERT 


RT 




HT 


LSC 


LDG 






ABS 


%MN 


1 


102 


6.3 


105 


2 


92 


4.7 


100 


LOCS 


61 


3 


4 


REPS 


65 


3 


4 


DIFF 


10 


1.7 


5 






.370 


.437 



LRT STK 

LSC LDS 

ABS ABS 

TOTAL SUM 1 iuz ^ ^ J ; 6 

15 57 

15 62 

0.2 0.2 

.700 .328 











LDG 


LDL 


STK 


STK 


%MN 


%MN 


%MN 


%MN 










102 


95 


101 


101 


43 


20 


9 


5 


43 


36 


33 


5 


2 


9 


0 


2 


.191 


.115 


. 999 


.173 



IS S i i s = 1 = 

^-zr\ « Isi - ss is; is 

2 yo _ „^ ft in 9*^2 4 4 j 



locs 51 ™ ^ 26 4 6 4 

REPS 30 54 83 11 120 326 4 ^ ^ 

nT TTTT 10 7 5 U U.O W 



?K F >T .1M .028+ .20? .999 . 063* . 999__ . 819__. 0_80>_.42_3 



STW ANT HD FUS GIB EYE COM ECB ECB 

S 5 S S S E S i£ SS 



i^ns-i ?T"l-rsT 5:1 3:S ?:S « 

LOCS 5 "7 3 ® ,? o 4 7 10 

REPS 5 10 6 8 11 £ 

»IFF_ 0.4 1-9 1.7 1-4 1.1 1-0 ^ ^ ^ 



PR > 



* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 
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TABLE 2C (Continued) 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N7 0 
VARIETY #2 = 36B08 



TOTAL SUM 





HSK 


GIB 




CVR 


ROT 




ABS 


ABS 


1 


5.6 


7.0 


2 


6.4 


5.0 


LOCS 


25 


1 


REPS 


26 


2 


DIFF 


0.8 


2.0 




.002# 





* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 
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TABLE 2D 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N70 
VARIETY #2 = 37M34 





PRM 


PRM 
SHD 
ABS 


1 


102 


101 


2 


100 


99 


LOCS 


3 


4 


REPS 


3 


4 


DIFF 


2 


2 






.107 



BU 
ACR 
ABS 



BU 
ACR 
%MN 













MST 


WTA 


SHD 


SLK 


HT 


%MN 


ABS 


%MN 


%MN 


%MN 










99 


97 


55.3 


98 


99 


161 


102 


52 


43 


73 


170 


110 


61 


51 


83 


6 


0.6 


2 


2 


1 


.000# 


.000# 


.000# 


.000# 


.049+ 



TOTAL SUM 



154 
163 
6.0 



103 
99 
154 
163 
4 



TOTAL SUM 



"IS 



1 

2 

LOCS 
REPS 
DIFF 
PR > 



EAR 
HT 
%MN 

102 
97 
65 
72 



ERT 


RT 


LRT 


STK 


LSC 


LDG 


LSC 


LDS 


ABS 


%MN 


ABS 


ABS 


6.3 


105 


7.5 




4.7 


102 


7.2 


7.1 


3 


4 


14 


52 


3 


4 


14 


58 


1.7 


3 


0.2 


0.9 


.300 


.391 


.320 


.001# 



STK 
LDG 
%MN 

104 
96 
46 
46 
8 



STK 
LDL 
%MN 

105 
81 
20 
36 
24 



EBT 
STK 
%MN 

101 
89 
9 
33 
12 



BRT 
STK 
%MN 

103 
101 
5 
5 
1 

.248 



TOTAL SUM 



1 
2 

LOCS 
REPS 
DIFF 
PR 



ABT 
STK 
%MN 

83 
98 
7 
30 
15 



EGR 


STA 


DRP 




WTH 


GRN 


EAR 


WT 


%MN 


%MN 


%MN 


ABS 


93 


125 


100 




100 


98 


100 


55.5 


52 


73 


11 


103 


56 


82 


12 


111 


6 


27 


0 


0.9 



> t .050* .033+ .000# .999 .000# 



STK 
CNT 
%MN 

101 
101 
237 
346 
0 

.999 



EST 
CNT 
%MN 

99 
103 
4 
4 
4 

.281 



GLF 
SPT 
ABS 

5.0 
3.8 
4 

6 

1.3 
.030+ 



NLF 
BLT 
ABS 

6.7 
6.3 
3 
4 

0.3 
.423 



STW ANT HD FUS GIB EYE 
WLT ROT SMT ERS ERS SPT 
ABS ABS ABS ABS ABS ABS 



, n 6 9 97.8 6.1 5.9 6.0 

TOTAL SUM 1 7.6 6.9 ^ ^ ^ ^ ^ 

LOCS 



5 7 3 

REPS 5 11 

DIFF 0.6 2.9 

PR > T .208 .024+ .208 .598 .950 



7 1 



6 8 11 2 

2.2 0.1 0.1 1-5 









RST 


1LF 


2SC 


ABS 


ABS 


ABS 








5.5 


7.1 


6.4 


4 


5 


8 


4 


7 


10 


0.3 


1.0 


0.3 


.391 


.129 


.430 



+ = 10% SIG 
+ = 5% SIG 
# = 1% SIG 
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TABLE 2D (Continued) 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N7 0 
VARIETY #2 = 37M34 



TOTAL SUM 





HSK 


GIB 




CVR 


ROT 




ABS 


ABS 


1 


5.6 


7.0 


2 


5.8 


7.0 


LOCS 


25 


1 


REPS 


26 


2 


DIFF 


0.3 


0.0 


PR > T 


.317 





* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 



a 

■■5 

m 

□ 
□ 

ry 
□ 



30 



TABLE 2E 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N70 
VARIETY #2 = 35P12 



PRM BU BU TST GDU GDU PLT 

PRM SHD ACR ACR MST WTA SHD SLK HT 

III ABS %MN %MN ABS %MN__ JMN__%MN 

7 Tno~"~i m _ i68 6 102 102 54. 6 100 100 97 

TOTAL SUM 02 101 168.6 10^ ^ ^ 

ir,r* 6 3 198 198 201 128 53 42 83 

SI 6 3 208 208 211 136 60 48 89 

DIFF 3 2 5.5 4 6 1.2 2_ 2 



PR 



> T .000# .047+ .0001 .0001 .000# .000# .000* : 000#_.000# 



EAR ERT RT LRT SIR o'J£ — ^RT 
_ -r t or- T.nQ T.nn LDL STK b 1 i\ 



HT LSC 
%MN ABS 



RT 


LRT 


STK 


STK 






LDG 


LSC 


LDS 


LDG 


LDL 


STK 


%MN 


ABS 


ABS 


%MN 


%MN 


%MN 


101 


7.7 


8.1 


103 






98 


8.4 


7.8 


98 


109 


98 


17 


16 


67 


61 


21 


9 


17 


16 


73 


61 


36 


33 


3 


0.7 


0.3 


5 


5 


4 


.308 


.058* 


.056* 


.001# 


.519 


.733 



%MN 



i no a R 101 7 7 b.l - LUJ J - VJ - ^-03 

TOTAL SOM 1 102 6.8 101 7.7 ^ ^ ^ ^ 

ss ;s ': s is n s ?i 3'. 

S5J 52 J !:! .J S;I. S; 3 «. m U .»? .733 



TOTAL SUM 





ABT 
STK 
%MN 


EGR 
WTH 
%MN 


STA 
GRN 
%MN 


DRP 
EAR 
%MN 


TST 
WT 
ABS 


STK 
CNT 
%MN 


CNT 
%MN 


SPT 
ABS 


BLT 
ABS 


1 

2 

LOCS 
REPS 
DIFF 


83 
101 
7 
30 
17 
.054* 


94 
101 
51 
54 
7 

.022 + 


126 
129 
79 
88 
2 

.391 


100 
100 
11 
12 
0 

. 999 


54.5 
53.1 
130 
138 
1.5 
,000# 


101 
101 
267 
362 
0 

. 999 


105 
4 
4 
5 

.325 


4.5 
4 
6 

0.5 
.423 


7.0 
3 
4 

0.3 
.423 



2 



PR > 



STW 


ANT 


HD 


FUS 


GIB 


WLT 


ROT 


SMT 


ERS 


ERS 


ABS 


ABS 


ABS 


ABS 


ABS 


7.6 


7.2 


97 .8 


6.1 


5.7 


7.4 


5.3 


99.6 


7.3 


5.9 


5 


5 


3 


8 


7 


5 


9 


6 


8 


10 


0.2 


1.9 


1.7 


1.1 


0.1 


.374 


.317 


.283 


.065* 


.801 



EYE COM ECB ECB 
SPT RST 1LF 2SC 
ABS ABS ABS ABS 



6 0 5.6 6.1 6.2 
TOTAL SUM 1 7.6 Z ,1.0 ^ ^ ^ 



18 5 



L0CS I 0 6 8 10 2 8 7 10 

55 . 4. i; h L . V, " .K J& -1 



* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 
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TABLE 2E (Continued) 
HYBRID COMPARISON REPORT 

VARIETY #1 = 36N70 
VARIETY #2 = 35P12 



TOTAL SUM 





HSK 


GIB 




CVR 


ROT 




ABS 


ABS 


1 


5.6 


7.0 


2 


7.2 


6.5 


LOCS 


25 


1 


REPS 


26 


2 


DIFF 


1.6 


0.5 


PR > T 


.000# 





* = 10% SIG 
+ = 5% SIG 

# = 1% SIG 



o 
sO 

in 

H 
O 

is 

a 

ru 
a 
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Strip Test Data for Hybrid 36N70 
Comparison data was collected from strip tests that were grown by farmers. Each 
hybrid was grown in strips of 4, 6, 8. 12, etc. rows in fields depending on the size of the 
pLnter used The data was collected from strip tests that had the hybrids „ the same 
area and weighed. The moisture percentage was determined and ^ J* 
adiusted to 15.5 percent moisture. The number of comparisons represent the number of 
*.tns or relations for the two hybrids that were grown in the same fleid ,n Cose 

^O^Z'Z testing was done between Pioneer Brand Hybrid 3SM70 and 
Pioneer Brand Hybrids 36B08. 36R10, 37M34, and 3730. The comparisons oome from all 
the hybrid's adapted growing areas in the United States. 

These results are presented in Table 3. As can be seen from the table hybnd 
36N70 demonstrates an average yield and income advantage over the comparison 
Lids The average yield advantage was 0.5 bushels per acre, while the eve age 
ncome advantage was $0.02 per acre. Hybrid 36N70 also exhibits a stand advantage 
ovTea'h o, the comparison hybrids. Hybrid 36N70's advantage for these and other 
Trails over these hybrids will maKe . an important addi«on for most of the areas 
where these hybrids are grown. 
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TABLE 3 



Brand 



2000 PERFORMANCE COMPARISON REPORT FOR CORN 
1 YEAR SUMMARY OF ALL STANDARD TEST TYPES 



Product 



Yield Moist 



Pioneer 36N70 
Pioneer 36B08 
Advantage 

Number of Comparisons 
Percent Wins 

Probability of Difference 



168.1 
175.2 
-7.1 
63 
19 
99 



17 .2 
17 .8 
. 6 

63 
73 
99 



Income 


Pop 


Stand 


Roots 


/Acre 


K/Acre 


(%) 


(%) 


327 . 44 


28.1 


84 


92 


339.42 


28.3 


77 


93 


-11.98 


-.2 


7 


-1 


63 


60 


46 


30 


21 


40 


57 


20 


99 


73 


94 


36 



Test 
Wt 

57 .8 
58.1 
-.3 

61 
33 
96 



Pioneer 36N70 
Pioneer 36R10 
Advantage 

Number of Comparisons 
Percent Wins 

Probability of Difference 



161.2 
159.3 
1.9 
194 
61 
90 



19.1 
18.7 
-.4 

194 
36 
99 



308.96 
306.42 
2.54 
194 
57 
75 



27 . 8 
28. 6 
-.8 

162 
30 
97 



90 
85 
5 

115 
55 
97 



94 
93 
1 
81 
21 
33 



56.5 
56. 4 
. 1 

192 
40 
82 



Pioneer 36N70 
Pioneer 37M34 
Advantage 

Number of Comparisons 
Percent Wins 

Probability of Difference 



149.6 
146.8 
2.8 

48 
71 
84 



23.0 
21.1 
-1.9 

48 
17 
99 



275.80 
276.04 
-.24 
48 
58 
5 



28.8 


95 


100 


55. 0 


28.9 


86 


100 


55. 9 


-.1 


9 


0 


-.9 


32 


19 


11 


48 


47 


63 


18 


21 


54 


80 


42 


99 



Pioneer 36N70 
Pioneer 3730 
Advantage 

Number of Comparisons 
Percent Wins 

Probability of Difference 

Pioneer 36N70 
Weighted Avg 
Advantage 

Number of Comparisons 
Percent Wins 

Probability of Difference 



164 .0 
162.3 
1.7 

105 
57 
76 

161. 6 
161.1 
.5 

410 
55 
54 



18 .7 
18.3 
-.4 

105 
47 
94 

19.2 
18.8 
-.4 

410 
42 
99 



315.29 
312. 61 
2. 68 
105 
55 
66 

309.54 
309.52 
.02 
410 
51 
1 



27 .8 

28 . 6 
-.8 

86 
29 
23 

27 . 9 
28.5 
-.6 

340 
33 
29 



96 
96 
0 
62 
27 
32 

91 
87 
4 

242 
49 
99 



94 
97 
-3 
49 
10 
40 

94 
95 
-1 
171 
18 
46 



56.4 
56.6 
- .2 

104 
40 
78 

56.5 
56.6 
-.1 

405 
37 
0 



motv- The probability values are useful in analyzing if there is 
"Si" d?ffe?encf in the genetic potential of the products involved. 
High vafues trl " desirable? with 95% considered significant for real 



Lgh 

differences 
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rnm parisnn of Kev Cha racteristics for Hybrid 36N70 

Characteristics of Pioneer Hybrid 36N70 are compared to Pioneer Hybrids 3730, 
36R10 36B08, 37M34, and 35P12 in Table 4. The values given for most traits are on a 
1 9 basis In these cases 9 would be outstanding, while 1 would be poor for the given 
characteristics. Table 4 shows that hybrid 37N70 demonstrates outstanding yield in 
combination with an Anthracnose stalk rot resistance score that is superior to all of the 
comparison hybrids. Hybrid 36N70's favorable agronomic characteristics should make it 
an important hybrid to its area of adaptation. 

TABLE 4 

Hvbrid Patent Comparisons-Characteristics 
Pioneer Hybrid 36N70 vs. Pioneer Hybrids 3730, 36R10, 36B08, 37M34, 35P12 



VARIETY CRM SILK PHY GDU GDU YLD H/KUK urur^ 

CRM CRM SILK PHY 

101 102 1260 2450 9 



DID S/S 



36N70 

3730 

36R10 

36B08 

37M34 

35P12 



101 

99 
101 
103 

99 
104 



99 
100 
100 

99 
103 



99 1240 2370 8 8 7 6 

100 1250 2400 9 9 o r 

102 1250 2450 9 9 8 » 

100 1240 2400 9 8 9 o 

105 1280 2530 9 9 8b 



6 
5 
6 
3 
4 



VARIETY HSK 

CVR 

36N70 6~~ 

3730 6 

36R10 7 

36B08 7 

37M34 6 

35P12 8 



R/S STA 
GRN 



5 
5 
7 
5 
6 



5 
6 
7 
5 
7 



D/T 



7 
7 
8 
8 
8 



TST 
WT 



5 
5 
7 
7 
4 



E/G 



8 
5 
7 
6 
7 



PLT 


EAR 


EAR 


BRT 


HT 


HT 


RET 


STK 


4 


6 


5 




6 


3 


6 


4 


6 


5 


5 


6 


3 


3 


5 


6 


5 


4 


6 


5 


5 


5 


6 


6 



VARIETY GLF NLF GOS STW ANT 
SPT BLT WLT WLT ROT 
a R 7 



36N70 

3730 

36R10 

36B08 

37M34 

35P12 



3 
4 
5 
3 
3 



5 
6 
7 
6 
6 



7 
7 
6 
7 
7 



4 

6 
6 
5 
5 



4 

5 
5 
4 
5 



HD 


CLN FUS 


GIB 


SMT 


ERS 


ERS 


8 


4 


5 


8 


5 


6 


9 


5 


5 


9 


5 


4 


9 


4 


5 


8 


4 4 


5 



DIP 
ERS 



3 
3 
3 
4 
3 
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TABLE 4 

Hybrid Patent Comparisons-Characteristics 
Pioneer Hybrid 36N70 vs. Pioneer Hybrids 3730, 36R10, 36B08, 37M34, 35P12 

(continued) 



VARIETY 


EYE 


COM 


ECB 


ECB 


SPT 


RST 


1ST 


2ND 


36N70 




5 


5 


4 


3730 


6 


5 


5 


4 


36R10 


5 


5 


5 


4 


36B08 


7 


5 


6 


5 


37M34 


4 


5 


6 


4 


35P12 


5 


6 


5 


5 
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Furthpr Fmhodiments nf the Invention 

This invention includes hybrid maize seed of 36N70 and the hybrid maize plant 
produced therefrom. The foregoing was set forth by way of example and is not .ntended 
to limit the scope of the invention. 

As used herein, the term plant includes plant cells, plant protoplasts, plant cell 
tissue cultures from which maize plants can be regenerated, plant calli. plant clumps, and 
plant cells that are intact in plants, or parts of plants, such as embryos, pollen, ovules, 
flowers, kernels, ears, cobs, leaves, seeds, husks, stalks, roots, root tips, anthers, 8.1k 

^^Dtncan, Williams, Zehr, and Widho.m, Planta, (1985) 165:322-332 reflects that 
970/0 of the plants cultured which produced callus were capable of plant regeneration. 
Subsequent experiments with both inbreds and hybrids produced 91% regenerable callus 
which produced plants. In a further study in 1988, Songstad, Duncan & Widho.m in Plant 
Cell Reports (1988), 7:262-265 reports several media additions which enhance 
regenerability of callus of two inbred lines. Other published reports also indicated that 
"nontraditional" tissues are capable of producing somatic embryogenesis and plant 
regeneration. K.P. Rao, et al., Mai/e Genetics Cooperation Newsletter , 60:64-65 (1986), 
refers to somatic embryogenesis from glume callus cultures and B.V. Conger, et a.., Rant 
ne „ ReD ort S 6 345-347 (1987) indicates somatic embryogenesis from the tissue cultures 
of maize leaf" segments. Thus, it is clear from the literature that the state of the art is such 
that these methods of obtaining plants are, and were, "conventional" in the sense that 
they are routinely used and have a very high rate of success. 

Tissue culture of maize is described in European Patent Application, publ.cat.on 
160 390 incorporated herein by reference. Maize tissue culture procedures are also 
described in Green and Rhodes. "Plant Regeneration in Tissue Culture of Maize," Majze 
w Rinmninri Research (Plant Molecular Biology Association, Charlottesville, Wg.n.a 
1982 at 367-372) and in Duncan, et al.. "The Production of Callus Capable of Plant 
Regeneration from Immature Embryos of Numerous Zea Mays Geneotypes," 165 Planta 
322-332 (1985). Thus, another aspect of this invention is to provide cells wh.ch upon 
growth and differentiation produce maize plants having the genotype of 36N70. 

Transformation of Maize 

With the advent of molecular biological techniques that have allowedj^hejsolat^ 
and characterization of genes that encode specific protein produc^jcieAfetTln the field 
of plant biology developed a strong interest mencfreef^e genome of plants to 
X^ntain and express foreign ger^^tio^ or modifed versions of native or 
Logenous genes i^^^ different promoters) in order to alter the traits of a 
/plant in a sp^eifi^ner. Such foreign, additional and/or modified genes are referred to 
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herein collectively as "transgenes". Over the last fifteen to twenty yearsseyeral 



"Rant transformation involves the construction of an expression vector which will 

function in plant cells. Such a vector comprises DNA comprising a gene under control of 
or operatively linked to a regulatory element (for example, a promoter). The expression 
vector may contain one or more such operably linked gene/regulatory element 
combinations. The vector(s) may be in the form of_ a plasmid, and can be used, alone or 
in combination with other plasmids, to provide transformed maize plants, using 
transformation methods as described below to incorporate transgenes into the genetic 
material of the maize plant(s). 
Expression Vectors For Maize Transformation 
Marker Genes 

Expression vectors include at least one genetic marker, operably linked to a 
regulatory element (a promoter, for example) that allows transformed cells containingjhe 
marker to be either recovered by negative selection, i.e. inhibiting growth of cells that do 
not contain the selectable marker gene, or by positive selection, i.e., screening for the 
product encoded by the genetic marker. Many commonly used selectable marker genes 
for plant transformation are well known in the transformation arts, and include, for 
example, genes that code for enzymes that metabolically detoxify a selective chemical 
agent which may be an antibiotic or a herbicide, or genes that encode an altered target 
which is insensitive to the inhibitor. A few positive selection methods are also known in 
the art. 

One commonly used selectable marker gene for plant transformation is the neomycin 
phosphotransferase II (npt\\) gene, isolated from transposon Tn5, which when placed 
under the control of plant regulatory signals confers resistance to kanamycin. Fraley et 
a/., Proc. Natl. Acad. Sci. U.S.A., 80: 4803 (1983). Another commonly used selectable 
marker gene is the hygromycin phosphotransferase gene which confers resistance to 
the antibiotic hygromycin. Vanden Elzen et ai, Plant Mol. Biol., 5: 299 (1985). 

Additional selectable marker genes of bacterial origin that confer resistance to 
antibiotics include gentamycin acetyl transferase, streptomycin phosphotransferase, 
aminoglycoside- 3' -adenyl transferase, the bleomycin resistance determinant. Hayford et 
ai, Plant Physiol. 86: 1216 (1988), Jones et al., Mol. Gen. Genet, 210: 86 (1987), Svab 
et al., Plant Mol.. Biol.. 14: 197 (1990), Hille et al., Plant Mol. Biol. 7: 171 (1986). Other 
selectable marker genes confer resistance to herbicides such as glyphosate, glufosinate 
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or broxynil. Comai et al., Nature 317: 741-744 (1985), Gordon-Kamm et al., Plant Cell 2: 
603-618 (1990) and Stalker et al., Science 242: 419-423 (1988). 

Other selectable marker genes for plant transformation are not of bacterial origin. 
These genes include, for example, mouse dihydrofolate reductase, plant 5 - 
eno/pyruvylshikimate-3 -phosphate synthase and plant acetolactate synthase. Eichholtz 
et al., Somatic Cell Mol. Genet 13: 67 (1987), Shah et al., Science 233: 478 (1986), 
Charest et al., Plant Cell Rep. 8: 643 (1990). 

Another class of marker genes for plant transformation require screening of 
presumptively transformed plant cells rather than direct genetic selection of transformed 
cells for resistance to a toxic substance such as an antibiotic. These genes are 
particularly useful to quantify or visualize the spatial pattern of expression of a gene in 
specific tissues and are frequently referred to as reporter genes because they can be 
fused to a gene or gene regulatory sequence for the investigation of gene expression. 
Commonly used genes for screening presumptively transformed cells include (3- 
glucuronidase (GUS), p-galactosidase, luciferase and chloramphenicol acetyltransferase. 
Jefferson, R.A., Plant Mol. Biol. Rep. 5; 387 (1987)., Teeri et al., EMBO J. 8: 343 (1989), 
Koncz et al., Proc. Natl. Acad. Sci. U.S.A. 84:131 (1987), De Block et al., EMBO J. 3: 
1681 (1984). Another approach to the identification of relatively rare transformation 
events has been use of a gene that encodes a dominant constitutive regulator of the Tea 
mays anthocyanin pigmentation pathway. Ludwig et al., Science 247: 449 (1990). 

Recently, in vivo methods for visualizing GUS activity that do not require 
destruction of plant tissue have been made available. Molecular Probes Publication 2908, 
Imagene Green™, p. 1-4 (1993) and Naleway et al., J. Cell Biol.US: 151a (1991). 
However, these in vivo methods for visualizing GUS activity have not proven useful for 
recovery of transformed cells because of low sensitivity, high fluorescent backgrounds, 
and limitations associated with the use of luciferase genes as selectable markers. 

More recently, a gene encoding Green Fluorescent Protein (GFP) has been 
utilized as a marker for gene expression in prokaryotic and eukaryotic cells. Chalfie et al., 
Science 263 : 802 (1994). GFP and mutants of GFP may be used as screenable markers. 
Promoters 

Genes included in expression vectors must be driven by a nucleotide sequence 
comprising a regulatory element, for example, a promoter. Several types of promoters 
are now well known in the transformation arts, as are other regulatory elements that can 
be used alone or in combination with promoters. 

As used herein "promoter" includes reference to a region of DNA upstream from 
the start of transcription and involved in recognition and binding of RNA polymerase and 
other proteins to initiate transcription. A "plant promoter" is a promoter capable of 
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initiating transcription in plant cells. Examples of promoters under developmental control 
include promoters that preferentially initiate transcription in certain tissues, such as 
leaves, roots, seeds, fibers, xylem vessels, tracheids, or sclerenchyma. Such promoters 
are referred to as "tissue-preferred". Promoters which initiate transcription only in certain 
tissues are referred to as "tissue-specific". A "cell type" specific promoter primarily drives 
expression in certain cell types in one or more organs, for example, vascular cells in roots 
or leaves. An "inducible" promoter is a promoter which is under environmental control. 
Examples of environmental conditions that may effect transcription by inducible promoters 
include anaerobic conditions or the presence of light. Tissue-specific, tissue-preferred, 
cell type specific, and inducible promoters constitute the class of "non-constitutive" 
promoters. A "constitutive" promoter is a promoter which is active under most 
environmental conditions. 
A. Inducible Promoters 

An inducible promoter is operably linked to a gene for expression in maize. 
Optionally, the inducible promoter is operably linked to a nucleotide sequence encoding a 
signal sequence which is operably linked to a gene for expression in maize. With an 
inducible promoter the rate of transcription increases in response to an inducing agent. 

Any inducible promoter can be used in the instant invention. See Ward et al. Plant 
Mol. Biol.22: 361-366 (1993). Exemplary inducible promoters include, but are not limited 
to, that from the ACEI system which responds to copper (Mett et al. PNAS 90: 4567-4571 
(1993)); In2 gene from maize which responds to benzenesulfonamide herbicide 
safeners (Hershey et al., Mol. Gen. Genetics 227: 229-237 (1991) and Gatz et al., Mol. 
Gen. Genetics 243: 32-38 (1994)) or Tet repressor from Tn10 (Gatz et at., Mol. Gen. 
Genet. 227: 229-237 (1991). A particularly preferred inducible promoter is a promoter that 
responds to an inducing agent to which plants do not normally respond. An exemplary 
inducible promoter is the inducible promoter from a steroid hormone gene, the 
transcriptional activity of which is induced by a glucocorticosteroid hormone. Schena et 
al., Proc. Natl. Acad. Sci. U.S.A. 88: 0421 (1991). 
B. Constitutive Promoters 

A constitutive promoter is operably linked to a gene for expression in maize or the 
constitutive promoter is operably linked to a nucleotide sequence encoding a signal 
sequence which is operably linked to a gene for expression in maize. 

Many different constitutive promoters can be utilized in the instant invention. 
Exemplary constitutive promoters include, but are not limited to, the promoters from plant 
viruses such as the 35S promoter from CaMV (Odell et al., Nature 313: 810-812 (1985) 
and the promoters from such genes as rice actin (McElroy et al., Plant Cell 2: 163-171 
(1990)); ubiquitin (Christensen et al., Plant Mol. Biol 12: 619-632 (1989) and Christensen 
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et al., Plant Mol. Biol. 18: 675-689 (1992)): pEMU (Last et al., Theor. Appl. Genet. 81: 
581-588 (1991)); MAS (Velten et al., EMBO J. 3: 2723-2730 (1984)) and maize H3 
histone (Lepetit et al., Mol. Gen. Genet. 231.: 276-285 (1992) and Atanassova et al., Plant 
Journal 2 (3): 291-300 (1992)). 

The ALS promoter, a Xbal/A/col fragment 5' to the Brassica napus ALS3 structural 
gene (or a nucleotide sequence that has substantial sequence similarity to said Xba\/Nco\ 
fragment), represents a particularly useful constitutive promoter. See PCT application 

WO96/30530. 

C. Tissue-specific or Tissue-Preferred Promoters 

A tissue-specific promoter is operably linked to a gene for expression in maize. 
Optionally, the tissue-specific promoter is operably linked to a nucleotide sequence 
encoding a signal sequence which is operably linked to a gene for expression in maize. 
Plants transformed with a gene of interest operably linked to a tissue-specific promoter 
produce the protein product of the transgene exclusively, or preferentially, in a specific 
tissue. 

Any tissue-specific or tissue-preferred promoter can be utilized in the instant 
invention. Exemplary tissue-specific or tissue-preferred promoters include, but are not 
limited to, a root-preferred promoter,- such as that from the phaseolin gene (Murai et al., 
Science 23: 476-482 (1983) and Sengupta-Gopalan et al., Proc. Natl. Acad. Sci. USA 82: 
3320-3324 (1985)); a leaf-specific and light-induced promoter such as that from cab or 
rubisco (Simpson et al., EMBO J. 401): 2723-2729 (1985) and Timko et al., Nature 318: 
579-582 (1985)); an anther-specific promoter such as that from LA 752 (Twell et al., Mol. 
Gen. Genet. 217: 240-245 (1989)); a pollen-specific promoter such as that from Zm13 
(Guerrero et al., Mol. Gen. Genet.224: 161-168 (1993)) or a microspore-preferred 
promoter such as that from apg (Twell et al., Sex. Plant Reprod. 6: 217-224 (1993). 
Signal Sequences For Targeting Proteins to Subcellular Compartments 

Transport of protein produced by transgenes to a subcellular compartment such 
as the chloroplast, vacuole, peroxisome, glyoxysome, cell wall or mitochondrion, or for 
secretion into the apoplast, is accomplished by means of operably linking the nucleotide 
sequence encoding a signal sequence to the 5' and/or 3' region of a gene encoding the 
protein of interest. Targeting sequences at the 5' and/or 3' end of the structural gene 
may determine, during protein synthesis and processing, where the encoded protein is 
ultimately compartmentalized. The presence of a signal sequence directs a polypeptide 
to either an intracellular organelle or subcellular compartment or for secretion to the 
apoplast. Many signal sequences are known in the art. See, for example, Becker et al., 
Plant Mol. B/O/.20: 49 (1992), Close, P.S., Master's Thesis, Iowa State University (1993), 
Knox, C, et al., 'Structure and Organization of Two Divergent Alpha-Amylase Genes 
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From Barley", Plant Mol.Biol. 9: 3-17 (1987), Lerner et al., Plant Physiol.9V. 124-129 
(1989), Fontes et ai.Plant Cell 3: 483-496 (1991), Matsuoka et al., Proc. Natl. Acad. Sci. 
88: 834 (1991), Gould et al., J. Cell Biol 108: 1657 (1989), Creissen et al., Plant J. 2: 129 
(1991), Kalderon, D., Robers, B., Richardson, W., and Smith A., "A short amino acid 
sequence able to specify nuclear location", Cell 39: 499-509 (1984), Stiefel, V., Ruiz- 
Avila, L, Raz R., Valles M., Gomez J., Pages M., Martinez-lzquierdo J., Ludevid M., 
Landale J., Nelson T., and Puigdomenech P., "Expression of a maize cell wall 
hydroxyproline-rich glycoprotein gene in early leaf and root vascular differentiation", Plant 
Cell 2: 785-793 (1990). 

Foreign Protein Genes and Agronomic Genes 

With transgenic plants according to the present invention, a foreign protein can be 
produced in commercial quantities. Thus, techniques for the selection and propagation of 
transformed plants, which are well understood in the art, yield a plurality of transgenic 
plants which are harvested in a conventional manner, and a foreign protein then can be 
extracted from a tissue of interest or from total biomass. Protein extraction from plant 
biomass can be accomplished by known methods which are discussed, for example, by 
Heney and Orr, Anal. Biochem. 114: 92-6 (1981). 

According to a preferred embodiment, the transgenic plant provided for 
commercial production of foreign protein is maize. In another preferred embodiment, the 
biomass of interest is seed. For the relatively small number of transgenic plants that 
show higher levels of expression, a genetic map can be generated, primarily via 
conventional Restriction Fragment Length Polymorphisms (RFLP), Polymerase Chain 
Reaction (PCR) analysis, and Simple Sequence Repeats (SSR) which identifies the 
approximate chromosomal location of the integrated DNA molecule. For exemplary 
methodologies in this regard, see Glick and Thompson, METHODS IN PLANT 
MOLECULAR BIOLOGY AND BIOTECHNOLOGY 269-284 (CRC Press, Boca 
Raton.1993). Map information concerning chromosomal location is useful for proprietary 
protection of a subject transgenic plant. If unauthorized propagation is undertaken and 
crosses made with other germplasm, the map of the integration region can be compared 
to similar maps for suspect plants, to determine if the latter have a common parentage 
with the subject plant. Map comparisons would involve hybridizations, RFLP, PCR, 
SSR and sequencing, all of which are conventional techniques. 

Likewise, by means of the present invention, agronomic genes can be expressed 
in transformed plants. More particularly, plants can be genetically engineered to express 
various phenotypes of agronomic interest. Exemplary genes implicated in this regard 
include, but are not limited to, those categorized below. 
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1. Genes That Confer Resistance To Pests or Disease And That Encode : 

(A) Plant disease resistance genes. Plant defenses are often activated by 
specific interaction between the product of a disease resistance gene (R) in the plant and 
the product of a corresponding avirulence (Avr) gene in the pathogen. A plant variety can 
be transformed with cloned resistance gene to engineer plants that are resistant to 
specific pathogen strains. See, for example Jones et aL, Science 266: 789 (1994) 
(cloning of the tomato Cf-9 gene for resistance to Cladosporium fulvum)\ Martin et al., 
Science 262: 1432 (1993) (tomato Pto gene for resistance to Pseudomonas syringae pv. 
tomato encodes a protein kinase); Mindrinos et al., Cell 78: 1089 (1994) (Arabidopsis 
RSP2 gene for resistance to Pseudomonas syringae). 

(B) A Bacillus thuringiensis protein, a derivative thereof or a synthetic 
polypeptide modeled thereon. See, for example, Geiser et al., Gene 48: 109 (1986), who 
disclose the cloning and nucleotide sequence of a Bt ^endotoxin gene. Moreover, DNA 
molecules encoding 8-endotoxin genes can be purchased from American Type Culture 
Collection (Rockville, MD), for example, under ATCC Accession Nos. 40098, 67136, 
31995 and 31998. 

(C) A lectin. See, for example, the disclosure by Van Damme et al., Plant 
Molec. Biol. 24l 25 (1994), who disclose the nucleotide sequences of several Clivia 
miniata mannose-binding lectin genes. 

(D) A vitamin-binding protein, such as avidin. See PCT application 
US93/06487 the contents of which are hereby incorporated by. The application teaches 
the use of avidin and avidin homologues as larvicides against insect pests. 

(E) An enzyme inhibitor, for example, a protease inhibitor or an amylase 
inhibitor. See, for example, Abe et al. } J. Biol. Chem, 262: 16793 (1987) (nucleotide 
sequence of rice cysteine proteinase inhibitor), Huub et al., Plant Molec. Biol. 2±: 985 
(1993) (nucleotide sequence of cDNA encoding tobacco proteinase inhibitor I), and 
Sumitani et al., BioscL Biotech. Biochem. 57: 1243 (1993) (nucleotide sequence of 
Streptomyces nitrosporeus a-amylase inhibitor). 

(F) An insect-specific hormone or pheromone such as an ecdysteroid and 
juvenile hormone, a variant thereof, a mimetic based thereon, or an antagonist or agonist 
thereof. See, for example, the disclosure by Hammock et al., Nature 344: 458 (1990), of 
baculovirus expression of cloned juvenile hormone esterase, an inactivator of juvenile 
hormone. 

(G) An insect-specific peptide or neuropeptide which, upon expression, 
disrupts the physiology of the affected pest. For example, see the disclosures of Regan, 
J. Biol. Chem. 269: 9 (1994) (expression cloning yields DNA coding for insect diuretic 
hormone receptor), and Pratt et al., Biochem. Biophys. Res. Comm. 163: 1243 (1989) (an 
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allostatin is identified in Diploptera puntata). See also U.S. patent No.5,266,317 to 
Tomalski et ai, who disclose genes encoding insect-specific, paralytic neurotoxins. 

(H) An insect-specific venom produced in nature by a snake, a wasp, etc. For 
example, see Pang et al., Gene 116: 165 (1992), for disclosure of heterologous 
expression in plants of a gene coding for a scorpion insectotoxic peptide. 

(I) An enzyme responsible for an hyperaccumulation of a monterpene, a 
sesquiterpene, a steroid, hydroxamic acid, a phenylpropanoid derivative or another non- 
protein molecule with insecticidal activity. 

(J) An enzyme involved in the modification, including the post-translational 
modification, of a biologically active molecule; for example, a glycolytic enzyme, a 
proteolytic enzyme, a lipolytic enzyme, a nuclease, a cyclase, a transaminase, an 
esterase, a hydrolase, a phosphatase, a kinase, a phosphorylase, a polymerase, an 
elastase, a chitinase and a glucanase, whether natural or synthetic. See PCT application 
WO 93/02197 in the name of Scott et al., which discloses the nucleotide sequence of a 
callasegene. DNA molecules which contain chitinase-encoding sequences can be 
obtained, for example, from the ATCC under Accession Nos. 39637 and 671 52. See also 
Kramer et al., Insect Biochem. Molec. S/0/.23: 691 (1993), who teach the nucleotide 
sequence of a cDNA encoding tobacco hookworm chitinase, and Kawalleck et al., Plant 
Molec. Biol. 2V. 673 (1993), who provide the nucleotide sequence of the parsley ufc/4-2 
polyubiquitin gene. 

(K) A molecule that stimulates signal transduction. For example, see the 
disclosure by Botella et al., Plant Molec. Biol. 24: 757 (1994), of nucleotide sequences for 
mung bean calmodulin cDNA clones, and Griess et al., Plant Physiol.m 1467 (1994), 
who provide the nucleotide sequence of a maize calmodulin cDNA clone. 

(L) A hydrophobic moment peptide. See PCT application W095/16776 
(disclosure of peptide derivatives of Tachyplesin which inhibit fungal plant pathogens) and 
PCT application W095/18855 (teaches synthetic antimicrobial peptides that confer 
disease resistance), the respective contents of which are hereby incorporated by 
reference. 

(M) A membrane permease, a channel former or a channel blocker. For 
example, see the disclosure by Jaynes et al., Plant Sci. 89: 43 (1993), of heterologous 
expression of a cecropin-p lytic peptide analog to render transgenic tobacco plants 
resistant to Pseudomonas solanacearum. 

(N) A viral-invasive protein or a complex toxin derived therefrom. For 
example, the accumulation of viral coat proteins in transformed plant cells imparts 
resistance to viral infection and/or disease development effected by the virus from which 
the coat protein gene is derived, as well as by related viruses. See Beachy et al., Ann. 
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Rev. Phytopathol.2S: 451 (1990). Coat protein-mediated resistance has been conferred 
upon transformed plants against alfalfa mosaic virus, cucumber mosaic virus, tobacco 
streak virus, potato virus X, potato virus Y, tobacco etch virus, tobacco rattle virus and 
tobacco mosaic virus. Id. 

(O) An insect-specific antibody or an immunotoxin derived therefrom. Thus, 
an antibody targeted to a critical metabolic function in the insect gut would inactivate an 
affected enzyme, killing the insect. Cf. Taylor et a/., Abstract #497, SEVENTH INT'L 
SYMPOSIUM ON MOLECULAR PLANT-MICROBE INTERACTIONS (Edinburgh, 
Scotland, 1994) (enzymatic inactivation in transgenic tobacco via production of single- 
chain antibody fragments). 

(P) A virus-specific antibody. See, for example, Tavladoraki et a/., Nature 366: 
469 (1993), who show that transgenic plants expressing recombinant antibody genes are 
protected from virus attack. 

(Q) A developmental-arrestive protein produced in nature by a pathogen or a 
parasite. Thus, fungal endo a-1,4-D-polygalacturonases facilitate fungal colonization and 
plant nutrient release by solubilizing plant cell wall homo-a-1,4-D-galacturonase. See 
Lamb et al., Bio/Technology 10: 1436 (1992). The cloning and characterization of a gene 
which encodes a bean endopolygalacturonase-inhibiting protein is described by Toubart 
etal., Plant J. 2: 367 (1992). 

(R) A developmental-arrestive protein produced in nature by a plant. For 
example, Logemann et a/., Bio/Technology 10: 305 (1992), have shown that transgenic 
plants expressing the barley ribosome-inactivating gene have an increased resistance to 
fungal disease. 

2. Genes That Confer Resistance To A Herbicide. For Example : 

(A) A herbicide that inhibits the growing point or meristem, such as an 
imidazalinone or a sulfonylurea. Exemplary genes in this category code for mutant ALS 
and AHAS enzyme as described, for example, by Lee et al.,EMBO J. 7: 1241 (1988), and 
Miki et a/., Theor. Appl.Genet 80: 449 (1990), respectively. 

(B) Glyphosate (resistance imparted by mutant 5-enolpyruvl-3-phosphikimate 
synthase (EPSP) and aro>4 genes, respectively) and other phosphono compounds such 
as glufosinate (phosphinothricin acetyl transferase (PAT) and Streptomyces 
hygroscopicus phosphinothricin acetyl transferase (bar) genes), and pyridinoxy or 
phenoxy proprionic acids and cycloshexones (ACCase inhibitor-encoding genes). See, 
for example, U.S. patent No. 4,940,835 to Shah et al., which discloses the nucleotide 
sequence of a form of EPSP which can confer glyphosate resistance. A DNA molecule 
encoding a mutant aroA gene can be obtained under ATCC accession No. 39256, and 
the nucleotide sequence of the mutant gene is disclosed in U.S. patent No. 4,769,061 to 
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Comai. European patent application No. 0 333 033 to Kumada et al. and U.S. patent No. 
4,975,374 to Goodman et al. disclose nucleotide sequences of glutamine synthetase 
genes which confer resistance to herbicides such as L-phosphinothricin. The nucleotide 
sequence of a phosphinothricin-acetyl-transferase gene is provided in European 
application No. 0 242 246 to Leemans et al. De Greef et a/., Bio/Technology 7: 61 (1989), 
describe the production of transgenic plants that express chimeric bar genes coding for 
phosphinothricin acetyl transferase activity. Exemplary of genes conferring resistance to 
phenoxy proprionic acids and cycloshexones, such as sethoxydim and haloxyfop, are the 
Acc1-S1, Acc1-S2 and Acc1-S3 genes described by Marshall et al., Theor. Appl. Genet. 
83: 435(1992). 

(C) A herbicide that inhibits photosynthesis, such as a triazine (psbA and gs+ 
genes) and a benzonitrile (nitrilase gene). Przibilla et al., Plant Cell 3: 169 (1991), 
describe the transformation of Chlamydomonas with plasmids encoding mutant psbA 
genes. Nucleotide sequences for nitrilase genes are disclosed in U.S. patent No. 
4,810,648 to Stalker, and DNA molecules containing these genes are available under 
ATCC Accession Nos. 53435, 67441 and 67442. Cloning and expression of DNA coding 
for a glutathione S-transferase is described by Hayes et al., Biochem. J. 285: 173 (1992). 
3. Genes That Confer Or Contribute To A Value-Added Trait, Such As: 

(A) Modified fatty acid metabolism, for example, by transforming a plant with 
an antisense gene of stearoyl-ACP desaturase to increase stearic acid content of the 
plant. See Knultzon et al., Proc. Nati Acad. Sci. USA 89: 2624 (1992). 

(B) Decreased phytate content 

(1) Introduction of a phytase-encoding gene would enhance breakdown 
of phytate, adding more free phosphate to the transformed plant. For example, see Van 
Hartingsveldt et al., Gene 127: 87 (1993), for a disclosure of the nucleotide sequence of 
an Aspergillus niger phytase gene. 

(2) A gene could be introduced that reduces phytate content. In maize, 
this, for example, could be accomplished, by cloning and then reintroducing DNA 
associated with the single allele which is responsible for maize mutants characterized by 
low levels of phytic acid. See Raboy et al., Maydica 35: 383 (1990). 

(C) Modified carbohydrate composition effected, for example, by transforming 
plants with a gene coding for an enzyme that alters the branching pattern of starch. See 
Shiroza et al., J. Bacteriol. 170: 810 (1988) (nucleotide sequence of Streptococcus 
mutans fructosyltransferase gene), Steinmetz et al., Mol. Gen. Genet. 200: 220 (1985) 
(nucleotide sequence of Bacillus subtilis levansucrase gene), Pen et al., Bio/Technology 
10: 292 (1992) (production of transgenic plants that express Bacillus licheniformis a- 
amylase), Elliot et al, Plant Molec. Biol. 2V. 515 (1993) (nucleotide sequences of tomato 
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invertase genes), Sogaard et al., J. Biol. Chem. 268: 22480 (1993) (site-directed 
mutagenesis of barley a-amylase gene), and Fisher et al., Plant Physiol. 102: 1045 (1993) 
(maize endosperm starch branching enzyme II). 

Methods for Maize Transformation 

Numerous methods for plant transformation have been developed, including 
biological and physical, plant transformation protocols. See, for example, Miki et al., 
"Procedures for Introducing Foreign DNA into Plants" in Methods in Plant Molecular 
Biology and Biotechnology, Glick, B.R. and Thompson, J.E. Eds. (CRC Press, Inc., Boca 
Raton, 1993) pages 67-88. In addition, expression vectors and in vitro culture methods for 
plant cell or tissue transformation and regeneration of plants are available. See, for 
example, Gruber et al., 'Vectors for Plant Transformation" in Methods in Plant Molecular 
Biology and Biotechnology, Glick, B.R. and Thompson, J.E. Eds. (CRC Press, Inc., Boca 

Raton, 1993) pages 89-119. 

A. /\grobacfemym-mediated Transformation 

One method for introducing an expression vector into plants is based on the 
natural transformation system of Agrobacterium. See, for example, Horsch et al., Science 
227 : I229 (1985). A. tumefaciens and A. rhizogenes are plant pathogenic soil bacteria 
which genetically transform plant cells. The Ti and Ri plasmids of A. tumefaciens and A. 
rhizogenes, respectively, carry genes responsible for genetic transformation of the plant. 
See, for example, Kado, C.I., Crit. Rev. Plant. Sc/.IO: 1 (1991). Descriptions of 
Agrobacterium vector systems and methods for >4grofcacfe/7'um-mediated gene transfer 
are provided by Gruber et al., supra, Miki et al., supra, and Moloney et al., Plant Cell 
Reports 8: 238 (1989). See also, U.S. Patent No. 5,591,616, issued Jan. 7, 1997. 

B. Direct Gene Transfer 

Despite the fact the host range for Agrobacterium-med\aied transformation is 
broad, some major cereal crop species and gymnosperms have generally been 
recalcitrant to this mode of gene transfer, even though some success has recently been 
achieved in rice and maize. Hiei et al., The Plant Journal 6: 271-282 (1994); U.S. Patent 
No. 5,591,616, issued Jan. 7, 1997. Several methods of plant transformation, collectively 
referred to as direct gene transfer, have been developed as an alternative to 
Agrobacterium-med\a\ed transformation . 

A generally applicable method of plant transformation is microprojectile-mediated 
transformation wherein DNA is carried on the surface of microprojectiles measuring 1 to 4 
urn. The expression vector is introduced into plant tissues with a biolistic device that 
accelerates the microprojectiles to speeds of 300 to 600 m/s which is sufficient to 
penetrate plant cell walls and membranes. Sanford er al., Part. Sci. Technol. 5: 27 
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(1987), Sanford, J.C., Trends Biotech. 6: 299 (1988), Klein et al., Bio/Technology 6: 559- 
563 (1988), Sanford, J.C., Physiol Plant 79: 206 (1990), Klein et al., Biotechnology 10: 
268 (1992). In maize, several target tissues can be bombarded with DNA-coated 
microprojectiles in order to produce transgenic plants, including, for example, callus (Type 
I or Type II), immature embryos, and meristematic tissue. 

Another method for physical delivery of DNA to plants is sonication of target cells. 
Zhang et al., Bio/Technology 9: 996 (1991). Alternatively, liposome or spheroplast fusion 
have been used to introduce expression vectors into plants. Deshayes et al., EMBO J., 4: 
2731 (1985), Christou et al., Proc Natl. Acad. Sci. U.S.A. 84: 3962 (1987). Direct uptake 
of DNA into protoplasts using CaCI2 precipitation, polyvinyl alcohol or poly-L-ornithine 
have also been reported. Hain era/., Mol. Gen. Genef. 199: 161 (1985) and Draper et al., 
Plant Cell Physiol.23;. 451 (1982). Electroporation of protoplasts and whole cells and 
tissues have also been described. Donn et al., In Abstracts of Vllth International 
Congress on Plant Cell and Tissue Culture IAPTC, A2-38, p 53 (1990); D'Halluin et al., 
Plant Cell 4: 1495-1505 (1992) and Spencer et al., Plant Mol. Biol. 24: 51-61 (1994). 

Following transformation of maize target tissues, expression of the above- 
described selectable marker genes allows for preferential selection of transformed cells, 
tissues and/or plants, using regeneration and selection methods now well known in the 
art. 

The foregoing methods for transformation would typically be used for producing 
transgenic inbred lines. Transgenic inbred lines could then be crossed, with another 
(non-transformed or transformed) inbred line, in order to produce a transgenic hybrid 
maize plant. Alternatively, a genetic trait which has been engineered into a particular 
maize line using the foregoing transformation techniques could be moved into another line 
using traditional backcrossing techniques that are well known in the plant breeding arts. 
For example, a backcrossing approach could be used to move an engineered trait from a 
public, non-elite line into an elite line, or from a hybrid maize plant containing a foreign 
gene in its genome into a line or lines which do not contain that gene. As used herein, 
"crossing" can refer to a simple X by Y cross, or the process of backcrossing, depending 
on the context. 

Industrial Applicability 

Maize is used as human food, livestock feed, and as raw material in industry. The 
food uses of maize, in addition to human consumption of maize kernels, include both 
products of dry- and wet-milling industries. 

Maize, including both grain and non-grain portions of the plant, is also used 
extensively as livestock feed, primarily for beef cattle, dairy cattle, hogs, and poultry. 
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Industrial uses of maize include production of ethanol, maize starch in the wet- 
milling industry and maize flour in the dry-milling industry. The industrial applications of 
maize starch and flour are based on functional properties, such as viscosity, film 
formation, adhesive properties, and ability to suspend particles. The maize starch and 
flour have application in the paper and textile industries. Other industrial uses include 
applications in adhesives, building materials, foundry binders, laundry starches, 
explosives, oil-well muds, and other mining applications. 

Plant parts other than the grain of maize are also used in industry. Stalks and 
husks are made into paper and wallboard and cobs are used for fuel and to make 
charcoal. 

The seed of the hybrid maize plant and various parts of the hybrid maize plant and 
transgenic versions of the foregoing, can be utilized for human food, livestock feed, and 
as a raw material in industry. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity and understanding, it will be obvious that 
certain changes and modifications such as single gene modifications and mutations, 
somoclonal variants, variant individuals selected from large populations of the plants of 
the instant hybrid may be practiced within the scope of the invention, as limited only by 
the scope of the appended claims. 
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DEPOSITS 

A deposit of the seed of hybrid 36N70 is and has been maintained by Pioneer Hi- 
Bred International, Inc., 800 Capital Square, 400 Locust Street, Des Moines, Iowa 50309- 
2340, since prior to the filing date of this application. Access to this deposit will be 
available during the pendency of the application to the Commissioner of Patents and 
Trademarks and person determined by the Commissioner to be entitled thereto upon 
request. Upon allowance of any claims in the application, the Applicant(s) will make 
available to the public without restriction a deposit of at least 2500 seeds of hybrid 36N70 
with the American Type Culture Collection (ATCC), Manassas, Virginia 201 10. The seeds 
deposited with the ATCC will be taken from the same deposit maintained at Pioneer Hi- 
Bred and described above. Additionally, Applicant(s) will meet all the requirements of 37 
C.F.R. § 1.801 - 1.809, including providing an indication of the viability of the sample 
when the deposit is made. This deposit of Hybrid Maize Line 36N70 will be maintained 
without restriction in the ATCC Depository, which is a public depository, for a period of 30 
years, or 5 years after the most recent request, or for the enforceable life of the patent, 
whichever is longer, and will be replaced if it ever becomes nonviable during that period. 
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